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TITLE OF THE INVENTION 
Lightning Damage Protection for Composite Aircraft 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 [0001] This invention relates to lightning protection systems in general, and in particular, to a 
system for protecting composite-body aircraft from damage caused by lightning strikes. 

2. Related Art 

[0002] It is well accepted that composite (typically, carbon- or graphite-fiber-and-epoxy-resin 
matrices) structural components currently being incorporated into the bodies of advanced types 

10 of aircraft will be subjected to naturally occurring lightning discharges, or "strikes," during 
flight. In a typical lightning strike incident, the lightning strikes, or "attaches," at one extremity 
of an aircraft, and departs, or "detaches," from another, resulting in a very large, momentary flow 
of electrical current through the body of the aircraft between the two points. 
[0003] The more severe, or "primary," strikes tend to attach to and detach from the body of the 

15 aircraft at features that are located at or near protuberances at the extremities of the body {e.g., 
the nose, tips and leading edges of wings, stabilizers, vertical fins and rudders, engine intake 
cowlings and diverters, and the trailing edges of rudders, elevators, and ailerons), and are charac- 
terized by a fast-rising, high-peak current (2X10 5 amp) and a large energy transfer density 
(2X10 6 amp 2 sec) having frequency components of from between about 1 kHz to 1MHz. These 

20 strikes can cause severe structural damage to unprotected composite structures and their con- 
tents, as compared to conventional aluminum aircraft structures, because the energy of the strike 
cannot be efficiently conducted through the composite material without damage, due to its rela- 
tively lower thermal and electrical conductivities. 

[0004] Additionally, other "secondary" parts of the structure, located between the typical pri- 
25 mary attachment and detachment points, can be subjected either to primary, or to lesser dis- 
charges, referred to as "swept-stroke" lightning strikes. The latter are characterized by a fast- 
rising current having the same frequency spectrum, but with 1X1 0 5 amp peaks and energy trans- 
fer densities of 0.25X1 0 6 amp 2 sec, and can also result in severe structural damage to unprotected 
composite structures. The probability of experiencing either type of strike at a secondary part of 
30 the aircraft appears to be increased for aircraft that have smoothly changing shapes, such as the 
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family of so-called "Blended-Wing-Body" ("BWB") aircraft currently under development or in 
production, including the B-l and B-2 "stealth" bombers and the F-l 17 stealth fighter. These air- 
craft are characterized by smooth, blended shapes that make extensive use of composite body 
structures and other stealth measures to defeat their detection by radar and the like. 
5 [0005] To prevent or minimize damage to a composite aircraft resulting from either type of 
strike, it is necessary to connect the attachment and detachment points of the strike with a con- 
tinuous, highly conductive path that is capable of carrying a momentary, high-density electrical 
current without damage, such that the electrical current of the strike is substantially diverted 
through the conductive path, rather than through other portions of the aircraft that cannot tolerate 

1 0 such a current flow without damage. 

[0006] Prior systems to effect lighting protection for composite aircraft structures have centered 
around the provision of metal coated or plated fibers in the plies of the composite structure, as 
described in U.S. Pat. No. 4,502,902 to Bannik, Jr. et al., or by applying a knitted wire covering 
over the body of the aircraft, as described in U.S. Pat. No. 3,755,713 to Paszkowksi, or by bond- 

15 ing a thin, metallic foil to the surface of the aircraft, as described in U.S. Pat. Nos. 5,127,601 and 
5,352,565 to Schroeder. While these systems do provide some measure of protection against 
damage occasioned by lightning strikes, they do so at the cost of increased complexity and ex- 
pense, increased weight, and/or a reduced structural integrity of the composite material. For ex- 
ample, a lighting protection system that relies on metal-plated graphite fibers both substantially 

20 increases the weight, and decreases the strength of the resulting composite structure. 

[0007] What is needed then, is a simple, light weight, low-cost approach for the protection of a 
composite-body aircraft against direct lightning strikes that may occur at any location on the air- 
craft surface. 

BRIEF SUMMARY OF THE INVENTION 
25 [0008] In accordance with the present invention, a system is provided for protecting a compos- 
ite-body aircraft against damage caused by lightning strikes that is lighter in weight, simpler, and 
less expensive to implement than conventional aircraft lightning protection systems. 
[0009] In one advantageous embodiment thereof, the system comprises a "Faraday cage" defined 
on an exterior surface of the aircraft. The Faraday cage comprises a continuous, electrically con- 
30 ductive grid formed on the exterior surface of the aircraft body that extends to its outermost lat- 
eral periphery. The conductive grid provides multiple "secondary" points on the surface of the 
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aircraft body, in addition to the "primary" points at the extremities thereof, for lightning strikes 
to attach to and detach from the body, as well as conductive paths on the surface of the body 
through which the electrical current of the lightning strike can flow without causing damage, 
rather than through the more vulnerable interior of the aircraft, thereby shielding the interior of 
5 the grid and its contents from lightning damage. 

[0010] Advantageously, in those types aircraft in which the aircraft body comprises a plurality of 
composite panels, such as panels of woven graphite and/or fiberglass plies embedded in a resin 
matrix, that are joined to each other at their respective, adjacent edges by "splice plates," the 
conductive grid can be constructed by providing splice plates that are made of an electrically 

10 conductive metal, e.g., titanium, and by electrically coupling the respective adjacent ends of the 
individual plates to each other to form the continuous elements of the grid that spans the length 
and width of the exterior surface of the aircraft. The respective adjacent ends of the conductive 
splice plates may be electrically coupled to each other, for example, by electrically conductive 
fasteners that extend first through respective ones of the adjacent ends of the plates, and then 

15 through a conductive strap that extends between the respective adjacent ends of the plates. 

[0011] The protection afforded by the system is particularly well adapted for use in, but is not 
limited to, blended-wing-body ("BWB") aircraft, because of its provision of multiple secondary 
lightning attachment points across the breadth of the aircraft body, and as an additional advan- 
tage, the system can be used as a ground return path of the aircraft's electrical system. 

20 [0012] A better understanding of the above and many other features and advantages of the light- 
ning protection system of the present invention may be obtained from a consideration of the de- 
tailed description thereof below, particularly if such consideration is made in conjunction with 
the several views of the appended drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
25 [0013] Figure 1 is a top plan view of a blended-wing-body ("BWB") aircraft incorporating an 
exemplary embodiment of a lightning damage protection system in accordance with the present 
invention; 

[0014] Fig. 2 is a partial cross-sectional view taken along the lines 2-2 in Fig. 1, showing struc- 
tural details of the BWB; 

30 [0015] Fig. 3 is an enlarged detail view of the partial cross-sectional view of the BWB, as encir- 
cled within the line 3-3 in Fig. 2, showing splice plates of the BWB structure; and, 
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[0016] Fig. 4 is an enlarged partial cross-sectional view of the splice plates of the BWB taken 
along the lines 4-4 in Fig. 3, showing an electrically conductive coupling plate thereof. 

DETAILED DESCRIPTION OF THE INVENTION 
[0017] Figure 1 is a top plan view of a composite, BWB-type of aircraft 1 incorporating an ex- 
5 emplary embodiment of a lightning damage protection system 100 in accordance with the pre- 
sent invention. Although the system of the invention is shown in conjunction with a BWB type 
of aircraft, it should be understood that the system is not limited to such aircraft types, but may 
be advantageously employed with conventional composite-bodied aircraft, as well. 
[0018] As illustrated in Fig. 1, the structure of the aircraft 1 may be seen to comprise a plurality 

10 of polygonal composite panels 2, i.e., structural skin panels made of plies of a fibrous material, 
e.g., "carbon" or graphite fibers, which are embedded in an epoxy resin to form a strong, rigid, 
light weight matrix. Of importance, the panels are typically made, or "laid up," separately, and 
then joined to each other at their respective edges by exterior and interior splice plates 4 and 6, 
respectively, as illustrated in the partial cross-sectional views of Figs. 2 and 3. The aircraft struc- 

15 ture may also include conventional ribs 8 (shown by dotted lines in Fig. 1) and lateral stringers, 
or spars (not illustrated). The lower surface of the aircraft (not illustrated) is similar in appear- 
ance and construction to the upper surface, but may contain more openings or cut-outs for doors, 
wheel wells, engine mounts or openings, and the like. 

[0019] As illustrated in Fig. 1, the lightning damage protection system 100, in essence, com- 
20 prises a "Faraday cage" (illustrated by the bold lines) defined on the exterior surface of the air- 
craft body by a continuous, electrically conductive "grid" disposed on the exterior surface of the 
aircraft body and extending to its outermost lateral periphery. In theory, a "perfect" Faraday cage 
is an enclosure made of a perfectly conductive material with no openings or apertures into its in- 
terior. In a perfect Faraday cage, no electric fields are produced in the cage by the incidence of 
25 external electric fields on the cage, such as those accompanying a lightning strike on the cage. 
[0020] However, as may be seen in the embodiment illustrated in the figure, the protective cage 
or grid 100 includes "openings" defined by the dielectric or quasi-dielectric composite panels 2, 
thereby constituting a so-called "elemental" Faraday cage. An elemental Faraday cage is a con- 
tinuous enclosure of spaced, conductive grid elements that admits, or passes, higher-frequency 
30 electrical fields incident upon the cage, e.g., frequencies in the FM and higher bands, but which 
effectively attenuates lower- frequency electrical fields incident upon the cage, i.e., in the range 
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of from about 1.0 kHz to 1MHz, the frequency spectrum of lightning. The electromagnetic at- 
tenuation of the cage, in decibels ("dB") can be computed from the following relationship: 

r n2 

[0021] Attenuation = JO logio 



0.83 
l-e d/s 



[0022] where K = 2s In 

5 a./ = frequency, Hz 

b. c = speed of light (3X1 0 8 m/sec) 

c. d = grid element circumference 

d. s = average grid element center-to-center spacing. 

[0023] As will be evident to those of skill in this art, the lightning protection grid 100 of the air- 
10 craft 1 illustrated can be advantageously created by providing electrically conductive exterior 
splice plates 4 at the adjacent margins of the composite panels 2, and by electrically coupling, or 
"bonding," the respective adjacent ends of the plates to each other to form the continuous, elec- 
trically conductive elements of the grid. While the exterior splice plates can be made of any suit- 
able, electrically conductive material, titanium (or alloys thereof) constitute a preferred material, 
15 because of its intrinsic strength-to-weight ratio, and because of its thermal-expansion and corro- 
sion compatibilities with the composite panels. The interior splice plates 6 can also, but need not 
necessarily, be made of a metal. However, the use of metal splice plates also provides other ad- 
vantages in the fabrication of the joints between the panels when compared to splice plates made 
of composite materials. The ductility of the metal reduces the stress concentrations at loaded bolt 
20 holes and permits the joint to "work" more effectively. The higher strength of the metal permits a 
thinner exterior splice plate 4 to be used, and thereby reduces the shift of the neutral axis across 
the joint. Additionally, the higher bearing capability of the metal reduces the problem of counter- 
sinking in thin plates. 

[0024] An exemplary method whereby the respective adjacent ends of the exterior splice plates 4 
25 can be electrically bonded to each other to form the continuous, conductive elements of the grid 
100 is illustrated in the partial cross-sectional view of Fig. 4. In the particular embodiment illus- 
trated therein, the respective adjacent ends of the electrically conductive splice plates 4 are elec- 
trically coupled to each other by conductive fasteners 10, e.g., titanium bolts or rivets (repre- 
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sented by phantom centerlines thereof in Figs. 2 and 3), that extend through respective ones of 
the adjacent ends of the plates, and thence, through an electrically conductive bonding strap 12 
that extends between the respective adjacent ends of the plates, as shown. The bonding strap may 
be made of any material that is a relatively good electrical conductor, including titanium and 
5 copper. Additionally, other methods of forming the conductive bond between adjacent splice 
plates may be used, such as those described in, e.g., U.S. Pat. Nos. 5,698,316 to Kuras et al. and 
4,574,325 to Holton. 

[0025] Those of skill in this art will also appreciate an additional advantage of the conductive 
grid 100 of the present invention. As is known, any vehicle that incorporates an electrical system 

10 and moves relative to the ground, or earth, and which therefore cannot effect a direct connection 
to ground, must also incorporate a ground return path for the electrical system. If desired, the 
conductive grid of the present invention can serve as such a ground return path for the aircraft's 
electrical system, either as a replacement therefor, or as a redundant, "backup" ground path. 
[0026] Because it provides many "secondary" attachment and detachment points for lightning 

15 strikes, the conductive cage 100 of the invention is particularly advantageous for use in compos- 
ite BWB aircraft, because of the relative dearth of protuberances at the extremities of the bodies 
thereof, but it should be understood that it can also be incorporated advantageously into any air- 
craft containing structural surfaces of composite materials. 

[0027] As will by now be evident to persons of skill in this art, many modifications, substitutions 
20 and variations can be made in and to the materials, configurations and methods of implementa- 
tion of the reliable, low-cost lightning damage protection system 100 of the present invention 
without departing from its spirit and scope. Accordingly, the scope of the present invention 
should not be limited to the particular embodiments illustrated and described herein, as they are 
merely exemplary in nature, but rather, should be fully commensurate with that of the claims ap- 
25 pended hereafter and their functional equivalents. 
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